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Abstract 
Brevipalpus contains about 290 species, some of which are considered of economic importance. In spite of their 
agricultural importance, the species diversity is scarcely known in several regions around the world, notably on 
wild plants. In this work a new species collected on an endemic ivy of the Azores Archipelago, Hedera azorica
Carrière (Araliaceae), is described based on an integrative approach using morphological traits of the adults, 
obtained through electron and light microscopy, and molecular characters based on mitochondrial and nuclear 
DNA sequences. Phylogenetic analyses were conducted in order to produce reliable phylogenetic placement of 
the new species, which is tentatively classified in the B. portalis species group. Morphological similarities 
between the new species and B. cuneatus Canestrini and Fanzago point out to some inconsistencies in the 
current morphological classification of Brevipalpus species, especially in the definition of the B. cuneatus 
group, herein discussed.
Key words: flat mites, false spider mite, Macaronesia, taxonomy, ivy, Hedera azorica
Introduction
Brevipalpus Donnadieu is the second most diverse genus in the family Tenuipalpidae 
(Tetranychoidea) with approximately 290 valid species occurring worldwide (Childers et al. 2003a; 
Mesa et al. 2009; Beard et al. 2012; Navia et al. 2013; Castro et al. 2019). All Brevipalpus species 
are phytophagous and can infest cultivated (ornamentals, fruit and forest trees, and vegetables) and 
wild plants. More than 1000 plants species from 130 families have been registered as hosts for three 
species considered of economic importance such as B. californicus (Banks), B. obovatus
(Donnadieu) and B. phoenicis (Geijskes) (Childers et al. 2003b; Kitajima et al. 2010). Brevipalpus
mites can reach pest status especially by acting as vectors of plant virus, which can result in million-
dollar losses such as reported in the Brazilian citriculture. High infestations can lead to direct damage 
to fruits, leaves, shoots, and stems (Childers et al. 2003c; Kondo et al. 2003; Bastianel et al. 2010; 
Kitajima et al. 2010; Childers & Rodrigues 2011). Despite the importance of this genus, many 
regions of the world have not yet been explored, especially natural environments, since surveys of 
these mites have been concentrated on cultivated plants.2184     © Systematic & Applied Acarology Society
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Ocean about 1600 km from continental Portugal and 3900 km from the east coast of North America. 
Azorean islands have a humid and mild climate. The biogeographic province of Macaronesia, where 
the archipelago is located, is characterized by a high level of endemism (Triantis et al. 2010). Human 
activities such as agriculture, colonization and the introduction of exotic plants have greatly modified 
the local phytophysiognomy. Anthropogenic influence leads to a rapid decline of the indigenous 
species that can survive in its original diversity only in the most inaccessible places, i.e, cliffs, 
mountains and craters (Schäfer 2002).
The Brevipalpus mite fauna is still little known in the Azores archipelago; only three species 
have been reported: B. phoenicis, B. obovatus and B. azores Beard & Ochoa (Borges et al. 2005; 
Borges 2012; Beard et al. 2015).
During surveys of plant mites in the Azores archipelago, a new Brevipalpus species was 
identified from Hedera azorica Carrièrre (Araliaceae). This plant is an endemic ivy to Azores. Some 
records of Brevipalpus mites associated with plants of the genus Hedera are known. Brevipalpus 
obovatus has been reported from H. helix Linnaeus, H. colchica K. Koch and Hedera sp. (Pritchard 
& Baker 1952; Livshitz et al. 1972; Ochoa & Salas 1989); B. cuneatus was registered from Italy, 
Greece, Georgia and Ukraine on H. helix, H. taurica (Hibberd) Carrière, and H. colchica (K. Koch) 
(Livshitz & Mitrofanov 1967; Hatzinikolis 1986, 1987; Arabuli 2015; Arabuli et al. 2015).
Taxonomy of Brevipalpus mites has posed a challenge to acarologists for decades. Several 
species have been consistently confused and misidentified due to their morphological similarities 
(Welbourn et al. 2003). The lack of critical morphological studies associated with the nature of the 
descriptions and illustrations of some of these species resulted in a puzzle to taxonomists (see 
McGregor 1949; Beard et al. 2015). Meticulous reviews based on new morphological traits have 
been pointed out and molecular studies have uncovered cryptic species (Navia et al. 2013; Beard et 
al. 2015). Therefore, an integrative approach, using different microscopy techniques and molecular 
data, is of extreme importance for the progress in the systematics of this genus.
According to Baker & Tuttle (1987) Brevipalpus is subdivided into six species groups: B. 
californicus, B. cuneatus, B. portalis, B. phoenicis, B. obovatus and B. frankeniae. This subdivision 
is exclusively based on morphological characters: number of dorsolateral setae on the opisthosoma; 
number of solenidion on the tarsus II of the female; and number of setae on the distal segment of 
palp. Knowledge on the evolutionary relationships among species in this genus is scarce, and there 
are no studies focusing on the species groups relationships (Rodrigues et al. 2003; Navia et al. 2013).
In this paper, a new Azorean species of Brevipalpus is described from ivy H. azorica based on 
an integrative approach using morphological traits of females and male, obtained through electron 
and light microscopy and molecular data using mitochondrial and nuclear DNA sequences. Based 
on Baker and Tuttle (1987) this new species was classified as belonging to the portalis group, even 
though being very similar to the species B. cuneatus Canestrini & Fanzago, in the B. cuneatus group. 
This discrepancy regarding B. cuneatus species group concepts is herein discussed.
Material and methods 
Mite collections
The mites were collected in October 2015 in the island of Flores, Azores archipelago, from H. 
azorica (Araliaceae) (Table 1). Specimens were collected by direct inspection using a stereoscope 
microscope and transferred to 70% and 100% ethanol for morphological and molecular 
identification. Specimens preserved in 70% ethanol were slide–mounted in Heinze–PVA medium 
and dried in an oven at 50 °C until clarification. 21852019                 ALVES ET AL.: A NEW SPECIES OF BREVIPALPUS FROM THE AZORES ISLANDS
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Terms of Use: https://bioonTABLE 1. Samples used in this study for molecular phylogenetic analysis–collection data and GenBank 
accession number of nucleotide sequences.
Accession numbers from this study are indicated in bold. Accession numbers from Oliveira (2014) appear as default font.
Morphological identification
Mites were examined at 400x and 1000x magnification using differential interference contrast 
(DIC) in a compound microscope Nikon Eclipse Ni-U. Illustrations were performed on a graphic 
tablet using Concepts software (https://concepts.app). Images were captured with a digital camera 
Nikon DXM 1200 and modified in Lightroom CC. The measurements are presented from the 
Species Host plant, family Country, state/region, city
Latitude/
longitude
Collection 
date Collector
COI 
mtDNA
28S rRNA 
(D1–D3)
B. californicus
Pittosporum tobira, 
Pittosporaceae
Spain, Valencia, 
Valencia
+39° 30' 3.10", 
–0° 22' 15.66" 01.x.2011
Ferragut, F. 
& Navia, D. MH204770 MK293656
Citrus sinensis, 
Rutaceae
Spain, Cordoba, 
Palma del Rio
+37° 41' 58.72", 
–5° 16' 51.00" x.2011  Ferragut, F. MH204784 MK293708
B. chilensis
Ligustrum sinensis, 
Oleaceae
Chile, Santiago, 
Curacavi
–33° 28' 9.80", 
–70° 43' 26.14" 28.ii.2013 Trincado, R.
MH204699
MH204701
Magnolia 
grandiflora, 
Magnoliaceae
Chile, San 
Francisco de 
Mostazal
–33° 54' 58.38", 
–70° 40' 31.22" 18.ii.2013 Trincado, R. MK293671
Magnolia 
grandiflora, 
Magnoliaceae
Chile, San 
Francisco de 
Mostazal
–33° 54' 58.38", 
–70° 40' 31.22" 08.v.2014
Kitajima, E. 
W.  MK293716
B. aff.
cuneatus sp.1
Rosmarinus 
officinalis, 
Lamiaceae
Spain, Valencia, 
Valencia
+39° 28' 11.67", 
–0° 22' 34.64" 12.x.2013
Navia, D. & 
Ferragut, F.
MH204728 
MH204724
MK293625 
MK293702
B. aff. 
cuneatus sp.2 Erica sp., Ericaceae
Spain, Castelló, 
Castellon
+39° 55' 8.18", 
–0° 23' 37.22" 09.vii.2013
Navia, D. & 
Ferragut, F.
MH204713 
MH204714  
B. incognitus
Phoenix sp., 
Arecaceae
Brazil, São Paulo, 
Piracicaba
–22º 43' 31", 
–47º 38' 57" 31.v.2013
Kitajima, E. 
W. MH204723 MK293687
Cocos nucifera, 
Arecaceae
Brazil, Minas 
Gerais, Janaúba
–15° 50' 18.60", 
–43° 24' 48.11" ix.2012
Alves, R. B. 
N. MH204759 MK293640
B. obovatus
Coniza bonariensis, 
Asteraceae Spain, Valencia, 
Valencia
+39° 22' 57.00", 
–0° 19' 57.00" 13.x.2013 Navia, D. & Ferragut, F.
MH204740 MK293694
Helichrysum 
stoechas, Asteraceae
+39° 22' 57.00", 
–0° 19' 57.00" MH204749 MK293701
B. oleae Olea europea, Oleaceae
Spain, Valencia, 
Valencia
+39° 28' 50.74", 
–0° 22 '3.78" 16.x.2013
Navia, D. & 
Ferragut, F.
MH204767 MK293661
MH204768 MK293662
B. sulcatus
sp. nov.
Hedera azorica, 
Araliaceae
Portugal, Açores, 
Flores
+39° 28' 20", 
–31° 15' 222" 09.x.2015
Navia, D. & 
Ferragut, F.
MK499461 MK919265
MK499462 MK919266
MK499463 MK919267
MK499464 MK919268
 MK919269
B. tuberellus Lecythis lurida, Lecythidaceae
Brazil, Bahia, 
Ilhéus
–14° 47' 49", 
–39° 10' 23" 14.iii.2018 Souza, K. S.
MK499466 MK919275
MK499467
MK499468  
B. yothersi Ipomoea batatas, Convolvulaceae
 Brazil, Alagoas, 
Arapiraca
–09° 45' 09'', 
–36° 39' 40'' v. 2013
Navia, D. & 
Silva, E. S.
MH204706 MK293672
MH204711 MK293678
Raoiella indicaCocos nucifera, Arecaceae
Brazil, São Paulo, 
Castilho
–51° 29' 25", 
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parenthesis (both sides measured), and average in brackets. Distances between setae were measured 
as the distance from the inside edge of one setal base to the other (minimum distance between two 
setal bases). Chaetotaxy follows that of Lindquist (1985). 
Some specimens kept in 100% ethanol were used for scanning electron microscopy (SEM) 
studies. The specimens were critical point dried (Leica EM CPD 300), mounted in double-coated 
carbon tape on stubs, and sputter coated (Baltec SPD 050 – Balzers, Lichtenstein). The SEM used to 
capture the images was a JEOL JSM-IT300 at the Laboratory of Electron Microscopy, ESALQ-USP, 
in Piracicaba, São Paulo, Brazil. The acceleration voltage of 15 kV was used to visualize the samples. 
Some mites were turned over, to view their ventral position after imaging the dorsal surface, thus 
both dorsal and ventral images were taken of individual mites.
DNA extraction, amplification and sequencing
Specimens preserved in 100% ethanol were used for DNA extraction. Total genomic DNA was 
extracted from a single adult female using the DNeasy Tissue kit (Qiagen Germantown, MD, USA), 
according to the DNA extraction protocol ‘Purification of Total DNA from Animal Blood or Cells’ 
(SpinColumn Protocol), with modifications for mites extraction, as described by Dowling et al. 
(2010) and Mendonça et al. (2011). It is noteworthy that the specimens were kept intact, recovered 
from the column, mounted on slides in Heinze PVA medium; specimens were deposited as vouchers 
in the Plant Mite Collection, at Embrapa Genetic Resources and Biotechnology, Brasilia, DF, Brazil.
Two target DNA fragments were PCR–amplified, in 25 μL reactions, and sequenced per single 
mite: one mitochondrial– the cytochrome c oxidase subunit I (COI) gene was amplified using DNF 
and DNR primers from Najavas et al. (1996); and one nuclear fragment– the subunit D1–D3 of 28S 
ribosomal RNA gene using primers D23F and D6R from Park and Foighil (2000). PCR primers are 
described in Table 2. The amplification for COI fragment contained the following reagents and 
amounts: 2.5 μL of a 10× buffer, 1.5 μL MgCl2 (25 mM), 1.2 μL dNTP (0.25 mM of each base), 0.75 
μL of each primer (10 μM), 0.4 μL of bovine serum albumin solution (BSA) (10 mg mL−1 Biolabs), 
0.13μL U μL−1 (5 units) of Taq polymerase (Qiagen), 15.77 μL of dH2O and 2 μL of DNA template. 
The thermocycler profile included initial denaturation at 94 °C for 4 min, followed by 35 cycles of 
1 min denaturation at 92 °C, 1 min 30 s annealing at 48 °C, 1 min 30 s final extension at 72 °C, and 
a final step of 10 min at 72 °C.
TABLE 2. PCR and sequencing primer sets used to obtain mitochondrial COI and nuclear ribosomal D1–D3 
subunit (28S) sequences of Brevipalpus mite specimens.
Polymerase chain reactions for the subunit D1–D3 (28S) were conduct using 2.5 μL of a 10×, 
1.5 μL MgCl2 (25 mM), 0.125 μL dNTP (0.25 mM of each base), 0.25 μL of each primer (10 μM), 
0.1 μL of bovine serum albumin solution (BSA) (10 mg mL−1 Biolabs), 0.2μL U μL−1 (5 units) of 
Taq polymerase (Qiagen), 12.5 μL trehalose (Sigma-Aldrich Brazil), 3.575 μL of dH2O and 4 μL of 
DNA template. The PCR protocol included an initial denaturation at 95 °C for 3 min, followed by 
Marker 
acronym Marker name
Fragment 
length (bp)
Primer 
Name Primer sequence 5'–3' Author
COI 
mtDNA
Cytochrome c 
Oxidase Subunit 1 400
DNF TACAGCTCCTATAGATAAAAC Navajas et al. 
(1996)DNR TGATTTTTTGGTCACCCAGAAG
D1–D3 28S 
rRNA
subunit D1–D3 
gene 28S 1000
D23F GAGAGTTCAAGAGTACGTG Park & Foighil 
(2000)D6R CCAGCTATCCTGAGGGAAACTTCG  21872019                 ALVES ET AL.: A NEW SPECIES OF BREVIPALPUS FROM THE AZORES ISLANDS
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at 72 °C, and a final step of 10 min at 72 °C.
PCR products were resolved by 1% agarose gel electrophoresis in 0.5X TBE buffer and 
visualized on GelRed staining (Biotium, Inc, Hayward, Canada). The amplified fragments (COI and 
D1–D3) containing visible and single bands were directly sequenced on both strands using an ABI 
3730XL Applied Biosystems automated sequencer at Macrogen (Seoul, Korea). No additional 
primers were used for sequencing.
Phylogenetic analyses
The software Staden Package v.1.6.0 (Staden, Beal & Bonfield, 1998) was used for checking, 
editing and assembling the raw data into sequence contigs. The DNA sequences of COI (mtDNA) 
and D1–D3(rRNA) were aligned by ClustalW multiple alignment procedure using BIOEDIT 7.0.4 
(Hall 1999) and Muscle (Muscle: multiple sequence alignment comparison by log–expectation 
program) (Edgar 2004) to confirm the consistency of alignments used in the analyses. No manual 
adjustments were made to the alignments.
The jModeltest version 2.1 (Darriba et al. 2012) was used to estimate the best–fit models of 
nucleotide substitution using the Akaike information criterion corrected (AICc) and the Bayesian 
information criterion (BIC). For the COI dataset, the TPM3 + G model was selected (Kimura three–
parameter, K–3P) (Kimura 1981). A discrete gamma distribution shape parameter (G) of 0.2910 was 
used to model evolutionary rate differences among sites. For the subunit D1–D3 of the 28S rDNA 
dataset, the GTR (Tavaré, 1986) was selected according to AICc (G = 0.4050) and according to BIC, 
the TPM3+G model (Kimura 1981) (G = 0.4010). The ML models were tested using the online 
version of the PhyML v. 3.0 (Guindon & Gascuel 2003; Guindon et al. 2010), NJ using MEGA v. X 
(Kumar et al. 2018), and Bayesian inference (BI) was tested in MrBayes v.3.2.6 (Ronquist et al. 
2012). The robustness of the trees was assessed with a bootstrap analysis with 1000 replicates.
For the combined analysis, COI and D1–D3 sequences were concatenated according to the mite 
population in a single matrix containing 18 taxa for each fragment and totalizing 1371 base pairs, 
using Mesquite v. 3.0.4 (Maddison & Maddison 2018). The analysis was performed in MrBayes 
ver.3.2.6 (Ronquist et al. 2012). The number of categories used to approximate the gamma 
distribution was set at four, and four Markov chains were run for 10,000,000 generations; the final 
average standard deviation of split frequencies was less than 0.01, and the stabilization of model 
parameters (burn–in = 0.25) occurred at approximately 250 generations. Raoiella indica was used as 
outgroup in the analysis, i.e., sequences accession number MH174682 and MH093581 for COI and 
D1–D3 alignments respectively. The phylogenetic trees based on the output file (newick format) 
created by PhyML 3.0 algorithm and MrBayes program was edited using FigTree v.1.4.3 (http://
tree.bio.ed.ac.uk/software/figtree/).
Inter– and intraspecific genetic distance
Analyses of the pairwise genetic distances overall and between nucleotide sequences (COI and 
D1–D3) were performed using MEGA v. X (Kumar et al. 2018). The most appropriate evolutionary 
model for estimation of inter and intra–species and group genetic variation was also selected using 
MEGA v. X. Tamura 3–parameter model (T3P) (Tamura 1992) was applied to the COI dataset, and 
the Kimura 2–Parameters (K2P) model (Kimura 1980) for the D1–D3 datasets. Standard error 
estimates were obtained by a bootstrap procedure (1000 replicates). Three different scenarios were 
considered to estimate the genetic distance values (COI and D1–D3) and explore the phylogenetic 
position and the species group classification for B. sulcatus sp. nov.: 1) the new species belonging to 
“B. cuneatus species group” based on its morphological similarity to B. cuneatus species; 2) the 
current “species group” classification based on the morphological traits as described by Baker and 2188 SYSTEMATIC & APPLIED ACAROLOGY                                                   VOL. 24
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“B. cuneatus species group”; 3) the scenario revealed by the phylogeny obtained through the 
Bayesian combined analysis (Fig. 10), as well as through the phylogenies performed singly for COI
and D1–D3 sequences (Supplementary Material—Figures S1 and S2), where the species in the 
cuneatus and portalis species groups could be each one selected to constitute one group.
Sequence retrieval and dataset
All the new sequences obtained have been deposited in GenBank (Table 1). Available COI and 
D1–D3 sequences (Navia et al. 2013; Oliveira 2014) of the Brevipalpus species belonging to four 
species groups according to Baker and Tuttle (1987) were retrieved from GenBank and included in 
the analysis: B. yothersi and B. incognitus Ferragut & Navia in the phoenicis group; B. californicus
in the californicus group; B. chilensis Baker and B. obovatus in the obovatus group; B. oleae Baker,
B. aff. cuneatus sp.1, B. aff. cuneatus sp.2, and B. tuberellus De Leon in the cuneatus group (Table 
1). The Tenuipalpidae mite Raoiella indica Hirst was used as external group in the analysis. All 
dataset will be available upon request.
Results
Taxonomy
Family Tenuipalpidae Berlese, 1913
Genus Brevipalpus Donnadieu, 1875
Brevipalpus portalis species group 
Diagnosis (modified from Baker & Tuttle, 1987): Female. Opisthosomal setae f2 present; tarsus II 
with one solenidion; with two distal setae on palpus.
Brevipalpus sulcatus sp. nov. Alves, Ferragut & Navia (Figures 1‒9)
Diagnosis (female). 
As per Brevipalpus portalis species group, in addition to the following: central area of 
prodorsum elevated, with verrucose elements only distinct by SEM (this area appears almost smooth 
under DIC microscopy) (Figs 3A and 3B); sublateral area with large polygonal cells; lateral margin 
wrinkled. Dorsal opisthosoma longitudinally elevated, with a remarkable deep furrow. Pores absent 
in both dorsal propodosoma and opisthosoma. Central opisthosomal setae (c1, d1, e1) setiform, very 
thin, and lateral setae (c3, d3, e3) more robust and slightly serrated. Setae f3 in normal position, 
inserted in line with setae f2 and h2. Ventral cuticle covered with strong pebble-like reticulation. 
Ventral plate well defined and with coalescent rounded warts forming distinct transverse bands. 
Genital plate with cells often fused to form transverse bands, more evident on the posterior part of 
the shield. Palp femurogenu with slightly barbed setiform dorsal seta; tarsus very small, with 2 distal 
setae.
Description
FEMALE (holotype and nine female paratypes) (Figs. 1–7). 21892019                 ALVES ET AL.: A NEW SPECIES OF BREVIPALPUS FROM THE AZORES ISLANDS
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278) [257]; c3–c3 189 (183–210) [194]; c1–h1 156 (147–166) [158]; v2 to dorsal sejugal furrow 98 
(88–99) [93]. Anterior margin of prodorsum forked, forming two central and acute projections and 
two lateral and rounded expansions. Length of central projections 38 (32–40) [35]; of lateral 
expansions 14 (14–16) [15]. No visible pores on prodorsum and opisthosoma. Prodorsum centrally 
elevated; covered by verrucose elements not visible with DIC or phase-contrast techniques (under 
compound microscope the central area of propodosoma is almost smooth) (Figs. 1, 2A, 3A and 3B). 
Sublateral area with reticulation forming polygonal and well defined cells, posterior region less 
defined or weak wrinkled and anterior region with smaller and isolated cells. Lateral margins 
wrinkled, with irregular folds of different length, some of them reaching the shield margin. Central 
opisthosoma elevated; anterior part of elevation between setae c1–d1 a semicircular lobe; posterior 
part elongate, tongue-shaped. Dorsal opisthosoma presenting a deep and wide furrow, U-shaped, 
wider on the anterior opisthosoma (Figs. 1, 2A, 3C and 3D). Cuticle between setae c1–d1 verrucose, 
similar to central prodorsum (not observed on the slide–mounted holotype); cuticle between setae 
d1–e1 with irregular wrinkles, mostly oriented transversally. Sublateral opisthosoma wrinkled, with 
irregular folds; some elongate cells appear posterolaterally to the dorsocentral elevation. 
Dorsal setae v2, sc1 and sc2 lanceolate; c1, d1 and e1 thin and setiform; c3, d3, e3, h1 and h2
more robust, lanceolate and slightly serrated. Setal measurements: v2 12 (10–12) [11]; sc1 13 (10–
13) [12]; sc2 11 (10–12) [11]; c18 (8–10) [8]; c3 11 (8–11) [10]; d1 7 (6–9) [7]; d3 10 (9–12) [10]; 
e1 7 (6–9) [8]; e3 10 (8–10) [9]; f2 11 (9–11) [10]; f3 8 (7–10) [8]; h1 7 (5–9) [6]; h2 6 (5–8) [6]. 
Distance between setae: v2–v2 44 (36–48) [42]; sc1–sc1 120 (114–128) [119]; sc2–sc2 168 (157–
180) [167]; c1–c1 64 (55–67) [61]; d1–d1 52 (46–53) [50]; d3–d3 171 (160–180) [169]; e1–e1 19 
(19–30) [23]; e3–e3 134 (129–144) [134]; f2–f2 78 (77–88) [82]; f3–f3 55 (54–66) [59]; h1–h1 13 
(13–16) [15]; h2–h2 37 (34–44) [37].
FIGURE 2. Brevipalpus sulcatus Alves, Ferragut & Navia sp. nov. (Female): dorsal habitus; dorsum (A) and 
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shape (Fig. 2B, 3A and 3B). Cuticle between setae 3a and ventral plate with rounded, pebble–like or 
rosette–like warts. Coalescing warts form elongated cells around coxae III and IV. Ventral plate 
subquadrate, clearly separated from the surrounding ornamentation on the venter; 56 (49–66) [57] 
long, 47 (44–55) [50] wide (Fig. 4A and 4C); warts fusioned forming transverse bands; laterals with 
elongate, longitudinal bands. Genital plate 40 (34–40) [37] long, 59 (56–63) [59] wide, with large 
and medium rounded weak cells transversely aligned on the anterior part and cells often fused to 
form transverse folds in the posterior part. Setal measurements: 1a 109 (100–109) [103]; 3a 11 (5–
11) [8]; 4a 8 (8–11) [9]; ag7 (6–8) [7]; g1 12 (11–13) [12]; g2 9 (8–11) [9]; ps1 8 (8–9) [8]; ps2 9 
(7–10) [9].
Gnathosoma (Fig. 3B and 5A). Rostrum arriving to the distal part of femur I. Palps four–
segmented. Setal formula 0-1-2-2 (1 ω solenidion + 1 ul' eupathidium). Segment IV very small. Palp 
femorogenu seta acuminate (Fig. 5A), 15 (12–15) [14] long.
Legs (Fig. 5B–6). Setal formula for legs I–IV (coxae to tarsi): 2-2-1-1, 1-1-1-1, 4-4-2-1, 3-3-1- 
1, 5-5-3-3, 9 (8+1ω")-9 (8+1ω")-5-5. Solenidia of tarsi I and II long (Fig. 4B) (antiaxial), straight, 
16 (15–17) [16] and 15 (15–17) [16], respectively. Dorsal seta of femur I lanceolate, dentate, 12 (11–
13) [12] long.
FIGURE 3. Brevipalpus sulcatus Alves, Ferragut & Navia sp. nov. (Female): propodosoma (A, DIC image; 
B, SEM image) and opisthosoma (C, DIC image; D, SEM image).2192 SYSTEMATIC & APPLIED ACAROLOGY                                                   VOL. 24
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and C) and region between the setae 4a and 1a (B and D).
FIGURE 5. Brevipalpus sulcatus Alves, Ferragut & Navia sp. nov. (Female): palp (A) and solenidion on 
tarsus II (B).
Dorsal microplates (Figs. 7A and 7B). Separate irregularly shaped plates, of various sizes, with 
a series of randomly distributed parallel structures of different sizes on the surface.
Spermatheca. Insemination duct relatively short, distal part narrowing gradually, without 
forming any dilatation or bulb. Seminal receptacle not developed in the examined females. 21932019                 ALVES ET AL.: A NEW SPECIES OF BREVIPALPUS FROM THE AZORES ISLANDS
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MALE (1 measured) (Figs. 8 and 9)
Dorsum (Fig. 8). Body measurements: distance between setae v2–h1 231; c3–c3 145; c1–h1
144; v2 to dorsal sejugal furrow 83. Propodosoma broad, widest at level of setae c3. Rostral shield 
with forked median and acute projection 25 long and two adjacent, lateral and rounded projections, 
16 long. Central area of prodorsum smooth; sublateral area reticulate, forming elongate cells more 
rounded and smaller on the anterior part; lateral scarcely striated. Dorsocentral area of opisthosoma 
mostly smooth, with a few weak striae; sublateral area with cells, more evident on the anterior part, 
disappearing just anterior to level of setae f3; laterals almost smooth. 
Dorsal setae lanceolate and serrate, except c1, d1 and e1, slenderer and smooth. Setae v2, sc1
and sc2 inserted on prodorsum; setae c1, c3, d1 and d3 on mesonotal shield; setae e1, e3, f2, f3, h2
and h1 on pygidial shield. Setal measurements: v27, sc1 10, sc2 9, c1 5, c3 8, d1 5, d3 8, e1 5, e3 9, 
f2 9, f3 6, h1 5, h2 6. Distance between setae: v2–v2 38; sc1–sc1 102; sc2–sc2 137; c1–c1 53; d1–d1
40; d3–d3 116; e1–e1 26; e3–e3 101; f2–f2 70; f3–f3 41; h1–h1 6; h2–h2 18. 
Four pairs of pore–like structures present on dorsal surface. Two pairs of simple punctiform 
pores placed between setae e1–e3 and anteromesad to f2; two pairs of pores posterolaterad to d1 and 
posteromesad to d3.
Venter. Ventral ornamentation similar to female, formed by pebble–like and rosette–like warts. 
Setae 3a and 4a short, acuminate and smooth, 8 and 6 long, respectively. Anterior and anterolateral 
cuticle on ventral covered by warts of different size and shape; central area with weak, transverse 
ornamentation, which disappears on the posterior body part. Setae ag slender, 9 long. Setae ps1–ps2
10–11 long.
Gnathosoma. Extending until middle of femur I. Palp four-segmented; setal formula similar to 
female. Dorsal seta on palp femorogenu modified in a subconical spur, 5 long. Distal solenidion ω 5 
long.
Legs. Setation similar to female, except for the addition of a second solenidion ω' on tarsus II. 
Setal formula for legs I–IV (coxae to tarsi): 2-2-1-1, 1-1-1-1, 4-4-2-1, 3-3-1-1, 5-5-3-3, 9 (8+1ω")–
10 (8+2 solenidia ω', ω")-5-5. Solenidion on tarsus I 17 long; on tarsus II, ω' 10, ω" 17. Dorsal seta 
on femur I lanceolate, serrate, 12 long. 
Aedeagus (Fig. 9). Formed by a sclerotized and straight tube surrounded by a membrane. 
Sclerotized part 28 long. 21952019                 ALVES ET AL.: A NEW SPECIES OF BREVIPALPUS FROM THE AZORES ISLANDS
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Type Material
Holotype female, nine female paratypes and one male paratype collected on Hedera azorica
Carrière (Araliaceae). Ponta do Fajã, island of Flores, Azores archipelago, Portugal; 39°28´20"N, 
31°15´22"W, 68 m above sea level; 9.Oct.2015. Voucher specimens deposited in the Laboratory of 
Acarology, Instituto Agroforestal Mediterráneo, Universitat Politècnica de València, Spain and at 
the Plant Mite collection at Embrapa Genetic Resources and Biotechnology, Brasília, DF, Brazil. 
Holotype and some paratypes were deposited at Museo Nacional de Ciencias Naturales (MNCN), 
Madrid, Spain.
Molecular diagnosis
DNA sequences of additional material were obtained for mitochondrial and nuclear markers and 
were deposited in GenBank with the following accession numbers: four COI paratypes (MK499461, 
MK499462, MK499463 and MK499464), a 364 bp fragment also used by Navia et al. (2013), 
Breeuwer et al. (2006), Rodrigues et al. (2004) and Navajas et al. (1996) for systematics of 
Tetranychoidea mites; and five of the subunit D1–D3 at 28S rRNA gene (MK919265, MK919266, 
MK919267, MK919268 and MK919269), a 1000 bp fragment also used by Dowling et al. (2012), 
and Pepato & Klimov (2015) for systematics of Tenuipalpidae mites. See Table 1 for collection data 
of specimens from each sequence were obtained. No intraspecific variability between studied B. 
sulcatus sp. nov. specimens was detected, i.e., a single haplotype was identified for both fragments 
(COI and D1–D3). 
Etymology
The Latin name “sulcatus” (masculine) means “furrow, groove” and refers to the furrow in the 
dorsal opisthosoma, a remarkable trait observed in the female of the new species. 21972019                 ALVES ET AL.: A NEW SPECIES OF BREVIPALPUS FROM THE AZORES ISLANDS
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Mites are whitish or slightly reddish in color with a characteristic dark spot on the body. They 
were found on the leaves associated with the predatory mite Amblyseius largoensis Muma 
(Phytoseiidae) (Ferragut & Navia 2017).
Remarks
Females of B. sulcatus sp. nov. were partially covered by a waxy substance that remains on body 
and setae after clarification, and also after preparation for observation by SEM. The morphology of 
some leg setae was difficult to establish due to the presence of this substance, which hamper the 
nature, smooth or barbed, of these structures.
Most characteristics of the new species fit to the B. portalis species group (Baker & Tuttle 1987), 
however it differs from all species in this group by the dorsal central setae (c1, d1, e1), which are 
slightly different in shape and size to the dorsal lateral setae (c3, d3, e3). In addition, it differs from 
the species B. portalis because it has only one seta on the trochanter of leg III (two setae in B. 
portalis).
The new species is similar to B. cuneatus (B. cuneatus species group) by sharing the general 
dorsal and ventral ornamentation; the presence of one long solenidion in tarsus II; one seta in 
trochanter III; very short (minute) ventral setae 3a and 4a. However, the new species differs from 
the species identified as B. cuneatus by Berlese, 1887: B. sulcatus sp. n. presents a deep furrow U–
shaped ending before e3, while in B. cuneatus the furrow is shallower and ending near e3; and the 
dorsolateral seta f3 in normal position in B. sulcatus sp. n., while is shifted to the side in B. cuneatus.
Molecular phylogeny
The final COI dataset consisted of 25 aligned sequences of 364 bps including four sequences of 
B. sulcatus sp. nov. and three of B. tuberellus obtained in this study, 17 sequences of Brevipalpus
species available in the GenBank and one of R. indica (MH174682) as an outgroup. The estimated 
frequencies of the nucleotide bases were A = 26.6%, C = 10.3%, G = 13.4% and T = 49.7%; A+T = 
76.3% and G+C = 23.7%. The translation of the nucleotide COI sequences resulted in 124 amino 
acid sequences, with 82 variable amino acid positions and 67 parsimony informative sites. Putative 
conserved domains (33) were detected that matched all sequences in the data set, producing good 
alignments with the Brevipalpus sequences retrieved from GenBank (Navia et al. 2013; Sanchez–
Velazquez et al. 2015; Salinas–Vargas et al. 2016). No stop codons or frame shift mutations were 
observed in the alignment. No insertions or deletions were found.
The nuclear sequence data of the D1–D3 region (28S rDNA) comprised 21 aligned sequences 
of 1000 bps, such as five from B. sulcatus sp. nov. and one from B. tuberellus obtained in this study, 
14 Brevipalpus D1–D3 sequences retrieved from GenBank and the outgroup, R. indica
(MH093581). The estimated frequencies of the nucleotide bases were A = 26.2%, C = 20.1%, G = 
25.4% and T = 28.3%; A+T = 54.5% and G+C = 45.50%. In the alignment, 408 sites were variable 
and 295 sites were parsimony informative.
The topologies of the main branches for phylogenetic trees inferred by maximum likelihood 
(ML) optimality criterion and Bayesian information criterion (BIC) for the COI and the subunit D1–
D3 (28S gene) datasets singly analyzed were similar, and therefore only the ML phylogenies were 
presented in the Supplementary Material (Figures S1 and S2). Likewise, the combined analysis (COI
+ D1–D3) carried out by Bayesian inferences (Fig. 10) showed, in general, correspondent 
architecture and revealed two main clades comprising: I) Brevipalpus species in the phoenicis, 
californicus and obovatus species groups; II) species currently classified or fitting in the cuneatus
species group and the new species. However internal topologies of each of these two main clades 
were somewhat different in the subclades composition and relationships when comparing COI and 
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mithocondrial cytochrome c oxidase subunit I (COI) (DNF & DNR primers) and the ribosomal subunit D1–D3 
in the 28S gene (D23F & D6R primers) sequences. Statistical supports indicate Bayesian posterior probabilities 
values. Only probabilities greater than 0.5 (< 0.5) are indicated above branches. The species names based on 
morphological identification are to the right of the GenBank accessions number. Putative Brevipalpus species 
groups are highlighted in colored squares. Raoiella indica was used as outgroup.
Main differences concerning Clade I were: i) in the COI phylogeny (Figure S1), B. yothersi is 
isolated in a subclade and not grouped with B. incognitus (the morphological closely species 
currently placed in the “phoenicis species group”) while in the D1–D3 these species compose just 
one subclade (Figure S2). The Bayesian combined analysis showed three subclades corresponding 
to B. phoenicis, B. californicus and B. obovatus species groups, in accordance with the current group 
species classification by Baker & Tuttle (1987).
Concerning Clade II, COI and D1–D3 phylogenies were quite similar in showing four 
subclades: I) the new species B. sulcatus sp. nov.; II) B. oleae; III) B. tuberellus; and IV) B. aff. 
cuneatus. However, relationship between these subclades differed between COI and D1–D3 
phylogenies as well as subclades support. For COI subclades I (B. sulcatus sp. nov.) was closely 
related to subclade II (B. oleae) while for D1–D3 subclades I (B. sulcatus sp. nov.) was closely 
related to B. tuberellus subclade. Subclades in D1–D3 phylogeny were well–supported, however it 
was not observed for COI phylogeny. The Bayesian combined analysis (Fig. 10) revealed four 
subclades being subclade I (B.sulcatus sp. nov.) closely related to B. tuberellus subclade as observed 
in D1–D3 phylogeny.
The COI average mean divergence over all the sequence pairs (including the outgroup taxa) was 
13.0% (SE = 2.0) and ranged from 0.0% to 25.99%. The average mean divergence over the 
Brevipalpus sequences was 12.0 % (SE = 2.0) and ranged from 0.0% to 19.91%. For the subunit D1–
D3 the average mean divergence over all sequence pairs (including the outgroup taxa) was 13.0%  21992019                 ALVES ET AL.: A NEW SPECIES OF BREVIPALPUS FROM THE AZORES ISLANDS
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Pairwise comparison of the distances between– and within–Brevipalpus species and – 
Brevipalpus species groups for the two fragments COI and D1–D3 considering the three calculated 
scenarios are presented in Tables 3 and 4, respectively.
In scenario 1 (B. sulcatus sp. nov. sequences are included in the B. cuneatus species group), 
intragroup variability was 9.8%, for COI, and 11.1% for D1–D3. These values are considerably 
higher than those observed for other groups. For the other studied groups, the highest intragroup 
variabilities were observed for B. phoenicis species group for COI (6.2%) and for B. obovatus
species group for D1–D3 (1.4%). Intragroup variability for the hypothesized B. cuneatus species 
groups was even higher than the highest intergroup distances for D1–D3 (maximum of 7.1% 
between B. obovatus species group and B. phoenicis species group). For COI the intragroup 
variability for the hypothesized B.cuneatus species group (9.8%) was higher than intergroup 
variability between B. obovatus species group and B. phoenicis species group (9.3%) and B. 
californicus species group (8.7%) and a little lower than the variability between B. californicus
species group and B. phoenicis species group (10.4%).
FIGURE S1. Molecular phylogenetic analysis inferred from cithocrome c oxidase subunit I (COI) (mtDNA) 
sequences of Brevipalpus species obtained in this study and retrieved from GenBank. Maximum Likelihood 
method based on the Kimura three-parameter, K–3P (TPM + G) model was selected (Kimura 1981) according 
to the Akaike information criterion corrected (AICc) and the Bayesian information criterion (BIC). A discrete 
gamma distribution shape parameter (G) of 0.2910 was used to model evolutionary rate differences among sites.
Information on sample and the associated GenBank accessions are given in Table 1. Statistical supports indicate 2200 SYSTEMATIC & APPLIED ACAROLOGY                                                   VOL. 24
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GenBank accession number. Putative Brevipalpus species groups are highlighted in colored squares. Raoiella 
indica  was used as outgroup.
TABLE 3. Mean genetic Tamura 3-parameter distances (%) between COI sequences of Brevipalpus species 
groups (below the diagonal) with the standard estimates error (%) (above diagonal) for the three predict 
scenarios. The shade blocks indicate the intraspecific mean distance. Raoiella indica also was included as the 
external group.
Scenario 1
Scenario 2
Scenario 3
Legenda. Scenario 1: Testing the hypothesis of the new species belongs to “B. cuneatus species group”. Scenario 2: Testing the 
current “species group” classification based on the morphological traits as described by Baker & Tuttle (1987). Scenario 3: Testing 
the hypothesis revealed by the Bayesian combined analysis (Fig. 10), as well as through the ML phylogenies performed singly for COI
and D1–D3 sequences (Figs. S1 and S2).
In scenario 2. (B. sulcatus sp. nov. sequences representing B. portalis species group) intergroup 
variability between B. portalis species group and B. cuneatus species group (12.4% for COI and 16% 
for D1–D3) is considerably higher than those observed between other species groups in Clade 1 (e.g. 
in Clade 1 for the COI the highest intragroup variability was 10.4% between B. californicus and B. 
phoenicis species groups; for the D1–D3 highest intragroup variability between B. obovatus species 
group and B. phoenicis species group (7.1%). Distances between B. portalis species group (B. 
 Group 1 2 3 4 5
1 B. phoenicis species group 6,2% 1,5% 1,4% 1,5% 2,4%
2 B. californicus species group 10,4% 0,0% 1,6% 1,9% 2,9%
3 B. obovatus species group 9,3% 8,7% 2,0% 1,7% 2,3%
4 B. cuneatus species group 13,2% 15,6% 14,3% 9,8% 2,5%
5 outgroup 20,3% 22,5% 17,7% 21,9% n/c
 Group 1 2 3 4 5 6
1 B. phoenicis species group 6,2% 1,5% 1,3% 1,8% 1,5% 2,5%
2 B. californicus species group 10,4% 0,0% 1,6% 2,3% 1,9% 2,9%
3 B. obovatus species group 9,3% 8,7% 2,0% 2,0% 1,8% 2,4%
4 B. portalis species group 13,9% 16,8% 14,5% 0,0% 1,6% 3,0%
5 B. cuneatus species group 12,9% 15,1% 14,2% 12,4% 8,7% 2,5%
6 outgroup 20,3% 22,5% 17,7% 23,2% 21,3% n/c
 Group 1 2 3 4 5 6 7 8
1 B. phoenicis species group 6,2% 1,6% 1,4% 1,9% 1,7% 2,2% 1,8% 2,5%
2 B. californicus species group 10,4% 0,0% 1,6% 2,3% 2,2% 2,6% 2,2% 2,9%
3 B. obovatus species group 9,3% 8,7% 2,0% 2,1% 2,1% 2,5% 2,0% 2,3%
4 B. portalis species group 13,9% 16,8% 14,5% 0,0% 1,8% 2,0% 2,1% 3,0%
5 B. tuberellus 11,3% 13,9% 13,1% 10,1% 0,0% 2,0% 1,7% 2,8%
6 B. oleae 15,7% 18,3% 17,3% 11,9% 11,9% 0,0% 2,0% 2,8%
7 B. cuneatus species group 12,6% 14,3% 13,5% 14,4% 10,1% 13,4% 2,5% 2,7%
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higher observed between Brevipalpus species groups and come closer to distances with the outgroup 
R. indica (e.g. 17.7% between the outgroup and B. obovatus species group for COI; 22.3% between 
the outgroup and B. californicus species group). Intragroup variability for B. cuneatus species group 
was 8.7% for COI and 9.9% for D1–D3. These intragroup variabilities are higher than those observed 
for all species groups in the Clade 1 for both fragments (COI– 6.2% for B. phoenicis species group; 
D1–D3 1.4% for B. obovatus species group) and are even higher or comparable to the intergroup 
variabilities observed in Clade 1 (e.g. 7.1% between B. obovatus species group and B. phoenicis
species group for D1–D3; 8.7% between B. obovatus species group and B. californicus species group 
for COI).
TABLE 4. Mean genetic Kimura 2-parameter distances (%) between D1–D3 (28S) sequences of Brevipalpus
species groups (below the diagonal) with the standard estimates error (%) (above diagonal) for the three predict 
scenarios. The shade blocks indicate the intraspecific mean distance. Raoiella indica was also included as the 
external group.
Scenario 1
Scenario 2
Scenario 3
Legenda. Scenario 1: Testing the hypothesis of the new species belongs to “B. cuneatus species group”. Scenario 2: Testing the current “species 
group” classification based on the morphological traits as described by Baker & Tuttle (1987). Scenario 3: Testing the hypothesis revealed by 
the Bayesian combined analysis (Fig. 10), as well as through the ML phylogenies performed singly for COI and D1–D3 sequences (Figure S1 
and S2).
Group 1 2 3 4 5
1 B. phoenicis species group 0,6% 0,8% 1,0% 1,4% 2,1%
2 B .californicus species group 4,7% 0,6% 0,9% 1,3% 2,0%
3 B. obovatus species group 7,1% 5,9% 1,4% 1,5% 2,3%
4 B. cuneatus species group 15,7% 16,0% 17,7% 11,1% 1,8%
5 outgroup 23,6% 22,3% 25,7% 23,2% n/c
 Group 1 2 3 4 5 6
1 B. phoenicis species group 0,6% 0,8% 1,0% 1,7% 1,4% 2,1%
2 B. californicus species group 4,7% 0,6% 0,9% 1,7% 1,3% 2,0%
3 B. obovatus species group 7,1% 5,9% 1,4% 1,9% 1,3% 2,3%
4 B. portalis species group 16,9% 17,7% 20,7% 0,0% 1,5% 2,1%
5 B. cuneatus species group 14,5% 14,4% 14,7% 16,0% 9,9% 1,8%
6 outgroup 23,6% 22,3% 25,7% 23,8% 22,6% n/c
 Group 1 2 3 4 5 6 7 8
1 B. phoenicis species group 0,6% 0,8% 1,0% 1,6% 1,8% 1,6% 1,4% 2,1%
2 B. californicus species group 4,7% 0,6% 0,9% 1,7% 1,8% 1,6% 1,4% 2,0%
3 B. obovatus species group 7,1% 5,9% 1,4% 1,9% 1,8% 1,6% 1,3% 2,2%
4 B. portalis species group 16,9% 17,7% 20,7% 0,0% 1,6% 1,7% 1,7% 2,0%
5 B. tuberellus 18,5% 18,6% 19,0% 14,0% 0,0% 1,7% 1,6% 2,2%
6 B. oleae 14,4% 14,5% 16,1% 16,2% 16,8% 0,0% 1,1% 2,0%
7 B. cuneatus species group 12,6% 12,3% 11,2% 16,8% 15,4% 8,5% 0,5% 2,0%
8 outgroup 23,6% 22,3% 25,7% 23,8% 26,0% 21,9% 21,5% n/c2202 SYSTEMATIC & APPLIED ACAROLOGY                                                   VOL. 24
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as a probable “species group”) intergroup distances between supposed “species group” in Clade 2 
for COI (10.1–13.4%) were higher or similar than intergroup distances between “species groups” in 
Clade 1 (8.7–10.4%); for D1–D3 intergroup distances in Clade 2 (8.5%–16.8%) were also higher or 
considerably higher than in Clade 1 (4.7–7.1%).
FIGURE S2. Molecular phylogenetic analysis inferred from the subunit D1–D3 (28S gene) (rRNA) sequences 
of Brevipalpus species obtained in this study and retrieved from GenBank. Maximum Likelihood method based 
on the General Time Reversible (GTR) model (Tavaré 1986) was selected according to AICc, with a discrete 
gamma distribution shape parameter of G = 0.4050 modeling evolutionary rate differences among sites (G = 
0.4050). Information on sample and the associated GenBank accessions are given in Table 1. Statistical supports 
indicate bootstraps values greater than 50%. The species names based on morphological identification are 
beside of the GenBank accession number. Putative Brevipalpus species groups are highlighted in colored 
squares. Raoiella indica was used as outgroup.
Discussion
Describing the new Brevipalpus species 
The description of the new species has been supported by an integrative approach using a 
combination of morphological traits visualized by different microscopy techniques, and molecular 
markers for mitochondrial and nuclear DNA sequences. The results demonstrated that relevant 
taxonomic characters of the integument ornamentation may differ depending on the microscopy 
technique used. DIC observation revealed that the central area of the female prodorsum and the 
opisthosomal cuticle between setae c1–d1 was smooth. However, by SEM, these areas showed  22032019                 ALVES ET AL.: A NEW SPECIES OF BREVIPALPUS FROM THE AZORES ISLANDS
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flattening of the specimens and, as a result, some details of the cuticular ornamentation may 
disappear or become difficult to discern. This observation emphasizes the importance to examine the 
external morphology of Brevipalpus with SEM, revealing the outline of the dorsal surface (e.g. flat, 
elevated, corrugated) and the true and detailed ornamentation of integumentary structures. The 
description of the new species was based on the female holotype observed by DIC. In addition, we 
included the features observed by SEM but not on slide-mounted specimens.
Brevipalpus sulcatus sp. nov.—To which species group it belongs?
Based on morphology authors considered that the new species could be classified as belonging 
to the B. portalis species group according to Baker and Tuttle (1987), although one-character set in 
the B. portalis species group concept, dorsal central setae (c1, d1, e1) similar in shape to dorsal lateral 
setae (c3, d3, e3), does not fit perfectly for the new species. In B. sulcatus sp. nov., the central setae 
are slightly different in shape to the dorsal lateral ones, a trait defined to the B. cuneatus species 
group. Furthermore, the remarkable general similarity between the new species and B. cuneatus
highlighted the need for complementary phylogenetic analysis to confirm the taxonomic placement 
of the new taxon. 
Phylogeny as well as inter and intragroup genetic distances supported the hypothesis that B. 
sulcatus sp. nov. does not belong to the B. cuneatus species group. Phylogenetic trees based on both 
the mitochondrial COI and the nuclear D1–D3 markers as well as the Bayesian combined analysis 
showed that B.sulcatus sp. nov. comprises a subclade which is not closely related with other species 
in Clade 2, which are currently classified as belonging to the B. cuneatus species group. Intragroup 
variability for B. cuneatus species group in Scenario 1, in which B.sulcatus sp. nov. was included in 
this group, was comparable (for COI) or even higher (for D1–D3) than the intergroup variability 
observed for the Brevipalpus studied species groups revealing that not closely related taxa were 
assembled. In Scenario 2, (B. sulcatus sp. nov. sequences representing B. portalis species group) 
intergroup variability between B. portalis species group (i.e. B. sulcatus sp. nov.) and B. cuneatus
species group was comparable or higher than other intergroup variabilities, supporting that B. 
sulcatus sp. nov. should not be classified as belonging to B. cuneatus species group.
These results allow us to outline some remarks on the phylogenetic value of Brevipalpus 
morphological traits. According to Baker and Tuttle (1987), one of the main morphological 
differences between cuneatus and portalis species groups is the presence/absence of one seta in the 
fourth segment of the palp (3 in cuneatus species group and 2 in portalis species group). The distant 
evolutionary relationship between B. sulcatus sp. nov. and B. cuneatus species group suggest this is 
phylogenetically informative. Following the same reasoning related to shape/size differentiation 
between dorsal central and lateral opisthosomal setae this trait could be considered as less 
informative, since in B. sulcatus sp. nov. central setae are slightly different in shape to the dorsal 
lateral ones, more similar with the cuneatus species group. However, this trait seems not to reflect 
phylogenetic proximity between these taxa. It reinforces that the gain or loss of a seta (especially in 
the palp supposed to have sensorial functions) is a more robust phylogenetic trait than the size and 
shape of dorsal setae.
Phylogenetically the new species formed a distinct subclade, not grouping with B. phoenicis, B. 
obovatus, B. californicus and B. cuneatus species groups. Unfortunately, information on molecular 
systematics of Brevipalpus mites is still scarce and sequences of species classified as belonging to 
B. portalis and B. frankeniae species group were unavailable in public databases and was not 
possible to obtain biological material of species in these groups. Therefore, it was no possible to 
check phylogenetic proximity between B. sulcatus sp. nov. and species in the B. portalis species 
group. Since most of traits of B. sulcatus sp. nov. fits in the concept of B. portalis species group we 2204 SYSTEMATIC & APPLIED ACAROLOGY                                                   VOL. 24
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available molecular markers sequences that can be useful in systematics studies. Surely further 
studies and enrichment of databases with DNA sequences of other taxa will clarify uncertainties and 
support a phylogenetically–based taxonomic classification of this important genus of phytophagous 
mites.
Should Brevipalpus cuneatus be placed in the B. portalis species group?
Due to the remarkable morphological similarity between B. sulcatus sp. nov. and B. cuneatus, 
traits of the latter species were detailed checked along this study making possible highlight an 
interesting inconsistency related to the classification of the species B. cuneatus in the B. cuneatus
species group. According to Baker and Tuttle (1987) species in the B. cuneatus species group present 
three setae on the distal palp fragment, however B. cuneatus present just two setae on this fragment 
(Beard et al. 2012) similarly to B. sulcatus sp. nov.. Due to this trait B. cuneatus should be classified 
as belonging to the B. portalis species group. The other trait distinguishing B. cuneatus and B. 
portalis is the shape of dorsocentral setae c1, d1, e1 and the dorsolateral c3, d3, e3 which are similar 
in shape in B. portalis species group but different in shape in B. cuneatus species group. However, 
this trait presents a degree of subjectivity, since this differentiation can be discrete as that observed 
in B. sulcatus sp. nov.. Other remarkable similarity between B. sulcatus sp. nov. and B. cuneatus is 
related to the leg chaetotaxy, which for now is not included in the species group concept. Both 
species have just one seta on trochanter of the leg III (Fig. 6). Based on the information obtained on 
the descriptions, this character differ them from all other Brevipalpus species included in both the
portalis and cuneatus species groups.
As discussed above, results obtained in the present study support that B. sulcatus sp. nov. should 
not be classified as B. cuneatus species group. It would be also possible that B. cuneatus and B. 
sulcatus sp. nov. belong to another phylogenetic group distinct from B. portalis and B. cuneatus
species group. It will be imperative to obtain DNA sequences of B. cuneatus specimens and include 
it in the phylogenetic analyses to test this hypothesis.
Remarks on Brevipalpus cuneatus species group
Results of phylogeny and intra and intergroup distances between the studied species that are 
classified as belonging to B. cuneatus species group–B. tuberellus, B. oleae, B. aff.cuneatus sp.1, B.
aff. cuneatus sp.2– showed that these taxa are not closely related, except for B. aff. cuneatus sp.1, B.
aff. cuneatus sp.2 (hereafter referred as B. aff. cuneatus spp.). Although forming a monophyletic 
group (similar that was observed for B. phoenicis, B. obovatus and B. californicus groups in Clade 
1) (Fig. 10) the subclades (branches) are not clustering species as expected. When these taxa were 
grouped for nucleotide distance analyses (Tables 4 and 5, scenario 2) comprising the “B. cuneatus
species group” the intragroup variability was considerably higher if compared with that between 
another studied species group (remarkable for the D1–D3 fragment). When these taxa were analyzed 
separately (Tables 4 and 5, scenario 3) intergroup distances were within the value range observed 
between other species groups. Therefore, taking into account the limited information on the 
molecular systematics of Brevipalpus mites our results reveal that the current morphological concept 
of B. cuneatus species group is not supported by the phylogeny and that the studied species can 
constitute at least three species groups. 
Currently B. cuneatus is the most numerous species group comprising more than 126 species 
(Evans 1990; Mesa et al. 2009), which represents more than 40% of the total number of species in 
Brevipalpus genus. It is possible that the classification based on morphological traits proposed by 
Baker and Tuttle (1987) consist of multiple phylogenetic groups, in addition to the taxa herein 
studied that revealed to be phylogenetically distinct. Efforts should be directed to extend the  22052019                 ALVES ET AL.: A NEW SPECIES OF BREVIPALPUS FROM THE AZORES ISLANDS
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revision, that could pointed out to morphological traits phylogenetically informatives. In order to 
clarify the relationship of the species of the cuneatus group, a robust review is fundamental, and 
essential for new studies that focus on the species complex of the B. cuneatus.
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